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Understand Nutrition 


and Live Longer 
k 


Dr. Soskin: Every listener should be concerned about nutrition be- 
use three times a day—at breakfast, lunch, and dinner—you are 
fecting your health, happiness, and length of life. We are in the midst 
"a great revolution in food habits, and everybody needs to know more 
out Nutrition. 

Dr. Keys, you have just completed one of the most extensive studies 
rer made on malnutrition, how can knowledge of nutrition improve 
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salth and lengthen life? 


Dr. Keys: It is certain that good nutrition is essential for full health 
id a long life, and good nutrition requires understanding nutrition. 
[oreover, we must understand not only our own nutrition but also that 
‘the rest of the world if we are personally to live longer. Malnutri- 
on is a major cause of war, and war notoriously shortens life. Perhaps 
should remind you of the first line of the “Communist Internationale,” 
Arise ye prisoners of starvation.” They know that, where you have 


inger, you have discontent. 


Dr. Sosxin: Dr. Darby, you have made many surveys of the nutri- 
ynal status of people, especially in the South. You have also con- 
icted research in the vitamin field. Should people supplement their 
eals with vitamin pills? 


Dr. Darsy: The daily vitamin pill has become an American fad. 
ctually, if a healthy person eats a well-chosen, intelligently prepared 
et, he will get all the vitamins which his body can use. Any surpluses 
e wasted. 

As a matter of fact, gross excess of at least two of the vitamins may, 
rare cases, produce undesirable effects. It is best not to buy them 

iless your physician prescribes them. 


Dr. Soskin: You have had long experience, Dr. Wilder, with the 
suncil on Foods and Nutrition of the American Medical Association. 
ou have also been with the Food and Nutrition Board of the Nation- 
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al Research Council since its beginning in 1940. What should peopl 
look for in the foods which they buy? 


Dr. Witper: I would like to see people take more interest in th 
quality of the foods which they buy, and I mean particularly the nutr! 
tional quality. I wish that they would read the labels on the foods whe: 
they buy them. For example, I wish that they would see whether th 
salt which they buy is “iodized” salt, as an assurance against goitet| 
whether the bread and white flour which they buy is enriched wit} 
thiamin and riboflavin, iron, and niacin, as assurance of getting enougy 
of these essential elements in their diet; whether the canned foods fe 
their babies and toddlers or for the sick carry the seal of acceptance ¢ 
the Council on Foods of the American Medical Association, thereb| 
providing an assurance that the nutritional claims made for these foo¢ 
have validity. 


Dr. Sosxin: I think that it is also important to remember that it | 
much easier to make a mistake in food selection nowadays than it wi 
a hundred years ago. When foods were eaten largely in their naturi 
state, the essential food elements, like the vitamins and minerals, we ! 
a natural accompaniment of the fuel materials. The best example 
that, of course, is in the whole grains. The more carbohydrate whid| 
one ate in the grain, the more vitamins and minerals one got with tk} 
grain. But today the milling of white flour separates the essential ell 
ments from the purely energy materials, and therefore it is now mus 
easier to make a mistake in diet by eating too much of one and nij 


enough of the other. | 


Dr. Keys: Let us consider what happens when the nutrition is bay 
My own concern about nutrition began in 1940, through attention | 
problems of work performance and efficiency which were to be met | 
wartime. We found that the ability of men to work hard and efficient} 
required constant attention to good nutrition. This was in norm 
young men; actually, in older persons, and in persons with various d} 
eases, the problems are much more acute. | 


Dr. Darsy: There are a number of diseases, of course, which a} 
known as “deficiency” diseases, which come about because of the lai} 
of something in the diet—the lack of some essential food substan¢d 
The most prevalent, or at least one of the most prevalent of such d 
eases, in the South is anemia. Anemia may result from a deficiency | 
iron or from a lack of the two newly recognized substances, vitam! 
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+ B-12 or folic acid. Dr. Wilder, you also have studied certain of the 
deficiency diseases. 


Dr. Wixper: You will agree that deficiencies of the diet, lack of 


signs, such as drying of the skin and hair; swelling, redness, and ten- 
derness of the gums; thickening and pigmentation of the whites of the 
eyes, and so on. With advancing age these abnormalities are seen in 
}most people. The question has been raised as to the extent to which 
{dietary insufficiency is responsible for aging and some of the other un- 
desirable effects of aging. 

But whether these signs in older people result from chronic malnu- 
}trition, the accumulation over years of the ill effects of poor diet, or 
jwhether age alone accounts for them, is still a matter of contention 
and a matter for research. We are not yet ready to answer that question 
|so far as the application of malnutrition to the infirmities of old age 
jis concerned. 


Dr. Keys: We have not yet mentioned one of the commonest faults 


Dr. Sosxin: Yes, indeed, overweight is probably the commonest dis- 
‘turbance in nutrition, and it comes quite simply from eating more 
‘calories in the form of various foods than the body spends in the form 
‘fof work and heat. Overweight has its very definite dangers. For one 
ing, there is no question that it predisposes the onset of diabetes in a 


i ineapple and lamb-chop diet, the banana and skim-milk diet, and 
so on. I doubt whether they lead to malnutrition very often, for they 
yecome too nauseating to the consumer for him to persist for very long. 
|My real objection to them is that they do not create a new and better 
food habit. The result is that the erstwhile dieter soon gains back all the 
bxcess weight he lost. 


} Dr. Keys: I notice that you use the term “overweight.” We, in my 


.pwn laboratory, have been interested in this point for some time. We 


father think that the question is “overfatness,” and there are some dif- 
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ficult questions to be answered in that connection. Overweight as t 
result of extra muscle is quite different from that due to extra fat. : 
simple way to tell the difference is to grasp hold of the skin and fin 
out what the thickness of the fat layer may be. 
But we should bring up the key question of what is a good diel 
I should like to lead off by asserting that no table of food energy ( 
nutrient values can give us proper information for general use for i 
dividuals about a good diet. These questions have individual diffe} 
ences and variation which cannot be ignored. We cannot short-cire 
by such simplified means as some people have tried to apply. 


Dr. Sosxin: That is perfectly true. There is a tremendous individu} 
variation. Nevertheless, there are certain things of which we are surf 
We are sure that everyone requires a certain minimum amount ¢ 
protein, which we can put into grams per kilogram of body weight, ¢ 
some objective measure. We also know that there are certain vitamif] 
and minerals which the body cannot make for itself and which m 
be obtained from the food. When I am asked by people about what the 
should eat, I find that the easiest way for me to explain the situation } 
the following: That you must have the minimum amount of proteii 
the necessary vitamins and minerals; but beyond that, it makes ves 
little difference what mixture of foodstuffs you take to make up yo} 
energy requirements. | 

Now that really explains two things: (1) that a certain amount | 
selection is necessary and (2) that beyond that point of selection the} 
is a great deal of leeway in the kind of foods you can eat to make up 
satisfactory diet. | 


\ 
| 


| 
Dr. Witper: We were concerned with this problem of good diets | | 
recommend, of course, in the Food and Nutrition Board, from its ve} 
beginning. One of the problems put up to us was to develop a standa} 
ora noble: of requirements. There was a great deal of discussion amoy| 
the experts on that Board as to what the requirements were. As ¥ 
have said, requirements differ with different individuals. There is 
range of requirements. Furthermore, no experiments or no work | 
far has satisfactorily established the minimum level of any of M 
nutrients. | 

In consequence, the Board took the position that what they ought | 
do was to make a table of recommended allowances, providing soni 


thing that they could stand back of. If the people would get the 
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amounts of the different nutrients, the Board would feel that they we 
avoiding any serious difficulties. These nutrient values were expresse 
in terms of protein, this vitamin and that vitamin; but they are tran 
latable into foods and have been translated into foods. The War Foa 
Administration issued during the war a table showing the seven bas: 
foods, which is still being used and is a valuable guide. | 


Dr. Soskin: Perhaps we ought to define what nutrition is. Wou! 
you care to give a definition of “nutrition”? 


Dr. Wirper: It is a pretty difficult thing to say what good nutritic} 
is. Of course, one means that the individual who is well nourished. 
not suffering from any disease resulting from a lack of any of the sp 
cific nutrients. It must be remembered that requirements differ wii 
age and sex and that stresses influence requirements. The requiremen| 
of pregnant women need special consideration, as has been shown I} 
very conclusive work in Toronto, and in Boston, and in England d 
ing the war. The best indexes of a satisfactory nutrition of a populatiq 
have been said to be the rate of infection with tuberculosis and the raj 
of deaths of infants under one year of age. These are very sensitii 
indexes. If they are good, you can assume that the nutrition of the pop} 
lation is fair, at least. To apply that to the individual is somewhat ma} 


difficult. | 


Dr. Sosxin: Perhaps a better way of defining nutrition is to 
something about certain aspects of metabolism and what the foal] 
mean to the body. I refer particularly to the fact that we have to sele 
certain foods in order to be able to grow during childhood and adolf 
cence and in order to be able to replace wear and tear on tissues durij} 
adulthood. We need certain essential things in the foods, because a} 
body cannot make those things for itself. These essentials are certé 
amino acids which go to make up protein, certain vitamins, and certé 
minerals. Provided that those materials are taken into the body so tk} 
the body can repair itself and can grow, the rest of the food is simg| 
used for energy purposes. Therefore, the great problem of nutritio 
to see that the essentials which the body cannot make are available | 
the food and, secondly, that enough calories in the form of a mixty 
of other foodstuffs are available fo energy purposes. | 


Dr. Darsy: Dr. Soskin, you and Dr. Wilder have mentioned str 


conditions, growth, and requirements for pregnancy. It is sometin 
helpful in teaching the housewife the proper planning of nutritio! 
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feeding to point up the fact that there are several situations which all 
fall under the process of growth. For the support of the individual 
during growth the nutritional requirements are greater than in periods 
when growth is not taking place. These situations are pregnancy; dur- 
ing the period when the mother is nursing the infant; during the time 
when the child is actually growing, particularly in the adolescent, rapid- 
growth period; and during recovery from debilitating diseases—that is, 
during periods of rehabilitation from disease. 


Dr. Sosxin: We have spoken almost entirely of the consequences of 
poor nutrition. Let me pose this question: Can you, with a super- 
abundance of food and vitamins and minerals, give better health or 
more vitality to an already healthy person? Is there such a thing as a 
“super” diet? 

Dr. Keys: Some of us gave a great deal of attention to this early 
in the war, when we heard tales about the marvelous things which the 
Germans were doing in order to carry out the military campaigns 
which they did in Norway and in the battles of Western Europe. Actu- 
ally, I think that the evidence is now pretty good that you cannot do 
more than the body is able to do in terms of the genetics of a body. 
The evidence seems to be that a superabundance of vitamins and other 
nutrients is not only not beneficial but may be a great waste of money, 
and perhaps, as Dr. Darby has mentioned, in some cases may be detri- 
mental. 

Dr. Sosxin: That leads to another point. There has been some dis- 
cussion of the quality of foods, depending upon where they are grown. 
What about it? 

Dr. Darsy: The quality of foods, in relation to the soil upon which 
the foods are grown, is a subject receiving widespread discussion, at 
least. However, there is considerable misunderstanding regarding this 
relationship. Poor or worn-out soils certainly produce less of a given 
food crop per acre of land than do rich soils. The nutritive value of any 
single serving of the food grown on either type of soil may be identical, 
however. The nutritional loss then is due to the difference in the total 
amount of food produced and not to a difference in the nutritive quality 
of the food grown on the soil. The only reasonably good evidence con- 
trary to this is that which shows a relationship between the amount of 
iodine in the soil and the amount of iodine in vegetables, and the 
amount of phosphorous in certain soils and the phosphorous in the 
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herbage of pastures. Consumer protection against the first of these— 
that is, the iodine problem—is provided for by use of iodized salt in 
cooking. The phosphorous problem, on the other hand, does not seem 
to be one of direct consequence to the human diet; but it is of great 
importance to the farmer or animal breeder. Popular articles on nutri- 
tion often emphasize the importance in soils of so-called “trace” ele- 
ments—that is, those elements which are present in very, very minute 
quantities. Evidence, however, is lacking for the possibility of human 
disease resulting from a deficiency of these trace elements in foodstuffs. 


Dr. Sosxin: As I take it, what you are saying is that the soil of farm 
land which becomes exhausted in its content of minerals and other 
necessary ingredients produces just as good quality vegetables but pro- 
duces less of them. 


Dr. Darsy: Generally speaking, that is true. 


Dr. Sosxin: Are the artificial and man-made fertilizers deficient in 
ability to create wholesome food as compared to “natural” fertilizers? 


Dr. Darsy: No, not by any means. 


Dr. Sosk1n: What about the problems created by processing of foods 
and their effects on the quality of foods? 


Dr. Wiper: You mentioned a little earlier, did you not, the fact that 
in the milling of wheat into white flour, one removes a number of the 
vitamins and minerals contained in the original wheat. This applies to 
all cereals. That, of course, raises a problem. It was the reason why the 
federal bodies in this country turned to this so-called “enrichment” of 
flour and bread—the restoration to the flour and the bread of at least 
some of the more important things which had been removed. 

There is another problem created by the heating of cereal and other 
products, such as processed meats. The effect of heat on protein is dis- 
advantageous. In particular, some of these ready-to-eat breakfast ce- 
reals are lacking in nutritional quality. It is, however, perhaps not too 
serious a problem, because those breakfast cereals do provide a carrier 
for milk and usually are eaten with milk. Of course, we all agree that a 
high milk consumption is nutritionally a desirable thing. 


Dr. Sosxin: In the matter of bread, we have remedied the deficiency 
somewhat by putting back certain vitamins in the white flour in the 


so-called “enrichment” program. Do you believe that we should fortify 
all foods? 
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Dr. Wiper: No, I question the need of that. We have adopted some 
very definite rules with respect to what we will and what we will not 
indorse in the Council on Foods of the American Medical Association. 
One of these rules is that whatever is “enriched” or reinforced should 
be a food pretty generally used, so that it will get to all the people or to 
‘many people. Another is that the product shall be the place where 
people normally look for a certain thing. For instance, in the case of 
orange juice, one does look for vitamin C. On the other hand, orange 
juice is a good carrier of vitamin C as it is, and we have not yet felt 
that it is necessary to reinforce it with vitamin C. 


Dr. Sosxin: What about the canned orange juices and frozen orange 
juices which are being sold and to which vitamin C has been added? 
Do you think that there is any advantage in fresh oranges over these 
products? 


Dr. Darsy: There is usually, or very frequently, a taste advantage of 
ifresh products over processed products. That is especially true with 
ifruits. 

| However, I rather seriously question the desirability of adding to a 
jfood product a vitamin when that food product can be produced with 
jreally good retention of the vitamin to begin with. That is, for example, 
let us take the case of orange juice. One can produce a very nutritious 
jprocessed orange juice which, when it reaches the consumer, is a de- 
jpendable, excellent source of vitamin C and without the necessity of 
jadding vitamin C to the orange juice. So it would seem to me that in 
icases of this sort it is unnecessary to encourage the addition of vitamin 
|C to this product, because, by taking proper care in the processing of 
the product, we can have a good dependable source of the nutrient in 
question reach the consumer. 


Dr. Soskin: You are forgetting, are you not, that the fresh orange 
jvaries so tremendously in its vitamin C content that no manufacturer 
of orange juice could take oranges from different sources and produce 
‘an orange juice with consistent content of vitamin C? 


Dr. Darsy: That is only one orange from the other which varies so 
szreatly. There are some seasonal trends in the vitamin C content of 
lorange juice, but actually those factors can be controlled by proper 
Jourchase of well-ripened oranges, and so on, before they are processed. 
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Dr. Keys: I think that we are forgetting that you can also obtai 
vitamin C in a lot of other products. 

I should like to come back to this question of bread which we are 
enriching properly at the present time. I think that we should point out} 
that the consumption of bread in the United States has been going} 
down for a long time. I should like to explain that by simply asserting} 
that America has the worst bread in the world. 


Dr. Wixper: I would object to that general statement. Many peopl 
dislike the taste of the present commercial bread; but it really is 
pretty good nutritious product. It is much more nutritious, for instance 
than some of the fancy bread which you buy in Paris, France—the so: 
called “hearth” bread which contains no milk. Most of our American 
commercial bread contains milk. This French bread is not enriched inj 
any way, but it tastes good. 

There are some processes in making bread which are highly undestl 
able in my opinion. Among these are the uses of extenders and softenj 

s. “Agene” is now off the market through the voluntary action of thd 
millers. It was found to produce something toxic in the bread, but 4 
certain amount of bleaching is apparently necessary. The Americary 
housewife, for some curious reason, demands a very white loaf anq{ 
demands a squashy loaf. When she buys bread, she pinches it to see ii 
it squashes. If it does not squash, she thinks that it is not fresh. And 
now certain chemicals have been introduced to extend the life or th¢ 
freshness, the period of squashiness, of the bread. The matter is being| 
given very serious consideration by the Food and Nutrition Board ang} 
by government agencies. A definition and standard for proper praf 
cedure in the manufacture of bread will soon be available. I am no} 
certain, but it is probable that it will exclude the use of these extenders| 


wef DecmnfD 


Dr. Keys: A lot of people talk about bread in terms of getting fa 
We should point out, I think, that no food is fattening in itself an 
that we should take account of the matter in terms of calories. Thi 
question of overweight and reducing is one which we meet every day) 
in our part of the world at least. 


Dr. Sosxin: There is a great deal of misunderstanding about wh 
foods are fattening. The fact is that all foods are fattening if you e 
enough of them. The question of overweight depends simply upon taki 
ing in an amount of food which represents an excess of calories ove 
the energy which the body expends—misunderstanding of this fact hal 
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created an unwarranted prejudice against bread, because it is a high- 
carbohydrate food, and it has gotten the reputation for being fattening. 
)For that reason, by the way, the American housewife, in the middle- 
fand upper-income groups, sometimes hesitates to put it on the table; 
gand her children, therefore, learn not to eat bread. This fact, I think, 
$partly accounts for some of the nutritional problems in the children of 
upper-income groups, as compared to the better nutrition in the chil- 
jdren of middle- and lower-income groups. Bread is a very important 
staple food which is often omitted from the table of the upper-income 
| groups. 

Dr. Keys: What can we actually say about nutrition and a longer 
life? I think that we have a number of points which we can make in 
yithe limited period of time at our disposal. The importance of a varied 
diet has been brought up, I think, by all of us here, and the avoidance 
of fads. We have also mentioned the use of vitamins and the enrich- 
ssment of staples; individual variability and special needs under “stress” 
situations. Dr. Soskin, what could you add to that short statement? 


Dr. Soskiy: What has come out of this discussion in the form of 
tadvice from you experts to our listeners? I think that the following 
simple rules should be emphasized: (1) Eat a variety of foods, and 
ithere will be less danger of omitting any of the essential elements. 
‘For the same reason, avoid all food fads which depend upon limiting 
{your intake to certain kinds of foods. (2) Try to assure yourself of ade- 
¢quate amounts of protein, vitamins, and minerals. (3) Do not allow 
yourself to get fat; and, if you are overweight, try to reduce. (4) If 
these general rules do not seem to produce the desired effect for you, 


consult a physician about your special needs. 


Selections from 


"THE IMPORTANCE OF CARBOHYDRATES 
IN NUTRITION” 


By SAMUEL SOSKIN and RACHMIEL LEVINE* 


THE importance of carbohydrates i in human nutrition has varied greatly al 
different times and in different parts of the world. Grains, fruits, and veg) 
etables are the natural foods which are high in carbohydrate content. Mea} 
fish, and dairy products are relatively poor in this constituent. Before the dé 
velopment of the modern food processing and distributing industry (and, ‘ 
the present time, in those parts of the world which have not undergone th; 
development) the proportion of carbohydrate in the diet of any region wa} 
largely governed by the local flora and fauna. Thus, even now the propo? 
tionate intake of carbohydrate is high in tropical countries, where vegetation 
is luxurious and where the climate leads to rapid spoilage of meat producti 
For the obverse reasons, the inhabitants of the Far North have always lived of 
a diet which consists chiefly of meat and fish. Adequate nutrition is possib}) 
at both extremes of this range of dietary variation, provided that the need fa 
calories, essential food factors, vitamins, and minerals is met. 

Although there has been some change during the last fifty years in tk 
food sources from which the carbohydrates are derived, the proportion ¢ 
carbohydrate in the dietary of the United States has remained at about 50 
60 per cent of the total caloric intake. Since certain foods which are high i 
carbohydrate content are relatively inexpensive, the proportion of carbo 
hydrate in the diet has been greater at lower economic levels than in the moaj 
prosperous groups of the population. However, the poorer nutritional state 
of the lowest-income groups is not so much a reflection of their high carboh 
drate intake as it is a result of the particular foods from which they deriy| 
their carbohydrates. The highly refined grains and sugars, which have beef 
commercially developed largely because of their resistance to spoilage, ai 
the cheapest sources of calories generally available. But they have coincide} 
tally been deprived of most of the protective elements with which they aa} 
naturally associated, so that a casually selected high carbohydrate diet is like! 
to be poor in the essential amino acids, vitamins, and minerals. 

The carbohydrates in food.—The particular carbohydrates present in a 
ordinary American diet, the food sources from which these carbohydrat) 
are derived, and the quantitative importance of each carbohydrate in the tot! 
intake are indicated in Table 1. | 


* The selections included here are from chapter i i of Carbohydrate Metabolism by Ul 
Soskin and Dr. Levine. Reprinted by special permission of the authors (Chicago: Universs 
of Chicago Press, 1946). 


14 


| 
| 


Approximate 

Percentage 

Carbohydrates of Total 
Intake* 


Polysaccharides: 


@) Indigestible . 0-2... 3 
1. Celluloses and hemi- 
celluloses ........ 
Be PEGHAS <ios's .ohe% 
b) Partially digestible ... 2 
Pee Taumlin cere ee 
2~ Galactogens <i = « 
SeMannosans <...:- 
4, Rafinose ........ 
5. Pentosans ........ 
') c) Digestible: 
1. Starch and dextrins 50 
Be GIcogen ae ee Negligible 
Disaccharides: 
feSUCLOSE! beac se ws 
DPN ACCOSE usc ipsu, aes 10 
Be Maltoseis a .scte te 21. Negligible 
‘Monosaccharides: 
‘} a) Hexoses: 
; ie Glucose. ens one es 5 
2 METUCTOSE! a oo tm os ae 5 
Si Galactoserera nis, eae 0 
4S Mannose 2h .a.a ea 2 0 
5) Pentoses: 
PeRIDOSE, cv diecast 0 
he 9 SUGSS” Bow, Aone 0 
SMPATADINOSE: oie wee 0 
{Carbohydrate derivatives: 
| 1. Ethyl alcohol ..... Variable 
2 mL acticuacid tae ete ae Negligible 
BeeMalicuacicluencetat: Negligible 
ae |Citricgacidua,. men Negligible 


Carbohydrate 


TABLE 1 


Types AND SouRcEs OF CARBOHYDRATES IN THE AMERICAN DIETARY 
a ee ee ee ee 


Chief Food Sources 


Stalks and leaves of vege- 
tables; outer covering 
of seeds 

Fruits 


Jerusalem artichokes, on- 
ions, garlic 

Snails 

Legumes 

Sugar beets 


Fruits and gums 


Grains; vegetables (espe- 
cially tubers and leg- 
umes) 

Meat products and sea 
food 


Cane and beet sugars; 
molasses; maple syrup 
Milk and milk products 


Malt products 


Fruits; honey; corn syrup 
Fruits; honey 

0 

0 


(=o (<=) 


Fermented liquors 

Milk and milk products 
Fruits 

Fruits 


End-Products 
of Digestion 


V—— 


Fructose 


Galactose 

Mannose 

Glucose, fructose, 
and galactose 

Pentoses 


Glucose 


Glucose 


Glucose and fruc- 
tose 

Glucosq and galac- 
tose 

Glucose 


Glucose 
Fructose 
Galactose 
Mannose 


Ribose 
Xylose 
Arabinose 


Absorbed as such 


" pu 
* Calculated from the average dietary of the middle-income group in the United States. 
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The distribution of carbohydrate in the body: its functions and ei | 
In order to understand the distribution of carbohydrate in the body and appre 
ciate its particular functions and uses, it it necessary first to consider the rel 
tion of carbohydrate metabolism to that of the other two major foodstuffs 

Protein constitutes 75 per cent of the dry weight of the soft tissues of th 
body. In view of the recent knowledge as to the protein nature of the tiss 
enzymes, it is a fair generalization to say that the proteins, together with 
hormones, vitamins, and minerals, constitute the metabolic machinery of t 
body. In emergencies a certain amount of the protein machinery can & 
broken down and converted into fuel. However, the amount of body protei 
which is available for this purpose at any one time is strictly limited, as is al 
the length of survival which is possible when the body has exhausted its fe 
stores and is forced to depend upon endogenous protein alone. 

Fat differs from protein in that it can be stored in practically unlimit 
quantities. It is deposited chiefly within layers of connective tissue and not ¢ 
an integral part of the working organs of the body. When food intake is it 
adequate to supply the caloric needs of the organism, sufficient fat is mobilize 
to make up the caloric deficit. In this way practically the entire fat stores ¢ 
the body can be depleted without detriment to health. Whatever hars 
accompanies extreme emaciation can be explained by specific deficiencies i 
the protective food factors incidental to the general restriction in food inta 
and by the loss of certain secondary structural functions of fat having to 
with heat insulation and the architectural cushioning of organs. Fat is, then 
fore, primarily a fuel-storage material. When food is ingested in excess ‘ 
caloric expenditure (whether taken in the form of carbohydrate, protein, « 
fat), the equivalent of the excess calories is deposited as fat in the adip 
tissues. 

Carbohydrate resembles fat in being a fuel material but differs from fat | 
that it is an indispensable one. The tissues of the body constantly require ar 
use carbohydrate under all physiological conditions. Even a temporary fall | 
the blood sugar below certain critical levels is accompanied by serious disala 
ity. Nevertheless. the amount of carbohydrate present in the body at any o: 
time is very small. This amount, if it were not replaced as used, could susta 
life for only a fraction of one day. ... Thus, unless large amounts of carbo 
drate are continually ingested with the food, the needs of the body must be 
by the conversion of the other foodstuffs into carbohydrate. It is, therefore, t 
active fuel of the body which is stored only in small quantities and which 
taken in or made as required. | 

Carbohydrate distribution —The carbohydrate of the body is largely pr 
ent in the form of glycogen in the skeletal, cardiac, and smooth muscles. | 
these motor tissues it serves as an emergency reserve of fuel; one which can) 
mobilized more rapidly than carbohydrate can reach these organs throu| 
the regular channels. Most of the remaining carbohydrate in the body 
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d in the manufacturing and distributing system, namely, in the liver as 
I lycogen and in the blood and extracellular fluids as glucose. Relatively small 
Amounts of glycogen are also found in practically all other organs and tissues 
if the body. 
ie That the greater part of the body carbohydrate is present as glycogen 
f epends upon the fact that all the hexoses, which result from the digestion of 
tarbohydrate in the intestine and are absorbed into the blood stream, are 
converted into glucose. This occurs largely, but perhaps not entirely, in the 
iver. Similarly, in the post-absorptive state or during fasting, when the liver 
just supply sugar to the blood from the body’s own resources, glucose is the 
arbohydrate which is manufactured from protein and fat. Nevertheless, 
here are minor amounts of other forms of carbohydrate in most tissues and 
organs. Among these are special-purpose carbohydrates, which are presum- 
ibly not used as fuel—for example, the galactose in the galactolipins of nerv- 
us tissues, the pentoses associated with the nucleoproteins, and the glucose of 
he widely distributed glucoproteins. Under special circumstances, such as in 
¢ lactating woman, lactose is made in the breast and is present in the 
I reted milk. Finally, there are a number of degradation products of glu- 
Jose, such as the hexose and triose phosphates, which are caught in transit as 
| he Ficosé is utilized. 
| Carbohydrate and the heart—The previous discussion of carbohydrate as 
| most efficient fuel of muscular exercise, and of the muscle glycogen as an 
mportant emergency source of contractile energy, applies in even greater 
|measure to cardiac muscle than it does to skeletal muscle. The latter can in 
j@me measure accommodate itself to a decreased supply of carbohydrate by 
ile reasing its work. The heart cannot stop to rest. A temporary reduction in 
| > supply of sugar to the normal heart (as in induced attacks of hypogly- 
{en ia) has little apparent effect on the organ, although a definite change in 
|he electrocardiogram may be noted. The apparent lack of influence of hypo- 
\flycemia on the normal heart may be due to the good glycogen stores to be 
und there. But, in the heart which is damaged by disease and in which the 
hitial glycogen stores are poor, hypoglycemia may precipitate stenocardial 
|ymptoms with angina and may even result in death. This has been noted 
jor diabetic as well as for non-diabetic, cardiac patients; and in both it has also 
jeen observed that they may do better when the blood sugar is somewhat 
evated even above the normal range. High carbohydrate therapy has been 
accessfully used on this basis. 
|) The indispensability of carbohydrate to the central nervous system.—Of all 
| = organs and tissues in the body, the central nervous system is most 
ependent upon the minute-by-minute supply of glucose from the blood. 
iF connection with the discussion on the fuel of muscular exercise it was 
i ited that carbohydrate was of primary importance, while protein and fat 
uld be used only indirectly. As regards the central nervous system, it has 
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been well established that only carbohydrate can be used. The need of nerve. 
tissue for glucose is even more specific than the previous statement would) 
indicate. It is true, when slices of brain tissue are studied in vitro a 
their ability to maintain respiration at the expense of various substrates, that 2 
number of degradation products of glucose will serve as well or better than) 
glucose itself. However, none of these intermediates have been shown to have. 
any ameliorating effect upon the hypoglycemic symptoms caused by lower- 
ing the blood-sugar level in vivo. In other words, glucose as such has a specific | 
influence and is indispensable for the maintenance of the functional integra 
of the nerve tissue. When the blood sugar is lowered in a living organism, 
those tissues which have ample stores of glycogen may use the latter to tide | 
them over the lean period. The nervous tissue has little glycogen, and it 1s) 
doubtful whether the little which is present can be mobilized for use im} 
emergencies. The glycogen content of nervous tissue remains more or less} 
constant under most conditions, including hyperglycemia and hypoglycemia, 
and may be largely an integral part of the nerve structure. The unavailability 
for metabolic use of the glycogen present in the nerve cells is evidenced by the 
dramatically rapid development of hypoglycemic symptoms when the blood 


sugar is lowered. i 


i 
z+ 


The transformation of carbohydrate into fat—In the previous discussion} 
of fat as a fuel-storage material it was pointed out that, when food in excess} 
of caloric expenditure is ingested (whether in the form of carbohydrate,| 
protein, or fat), the equivalent of the excess calories is deposited as fat in the 
adipose tissues. With this in mind, it is, strictly speaking, incorrect to label 
any of the foodstuffs as being particularly “fattening.” Any one of them can 
be so if taken in sufficient quantities. But because of its proportion in the diet,| 
its lower cost, and its use in confections, carbohydrate is quantitatively the} 
most important precursor of fat. | 

The fat which arises from carbohydrate in the body is the so-called “hard”} 
fat, composed, in the main, of the highly saturated palmitic and stearic acids,| 
This is probably of more concern to stock-raisers than to human nutritionists.} 
The former have long known that they could control the physical qualities} 
of the fat in meats by varying the proportion of carbohydrate and of oils ink 
the diet of their animals. Of course, carbohydrate cannot completely substitute 
for fat in the diet, since it does not carry with it the essential fatty acids andk 
the fat-soluble vitamins, which cannot be manufactured by the body. ... 


